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PRODUCING LINES OF LIGHT FOR 
POSITIONING ASSISTANCE FOR ROBOTS 

Background of the Invention 

[0001] This invention relates to a device for producing lines 

:>r groups of lines of electromagnetic radiation of the optical 
spertral range in a definable area of space [ , and the]^_ The lines 
or groups of lines can be used as positioning aids or geometry 
detection aids, [comprising] and they include at least one 
conversion unit wnich is at least partially transparent to the 
electromagnetic radiation used, and which can convert the 
electromagnetic radiation passing through it, especially coheren: 
radiation or laser radiation, such that the electromagnetic 
radiation forms at least one line or group of lines in a given 
three-dimensional area. 

[0002] A device of this type is usedj_ for example^, to gi.ve to 

a robot a positioning aid for machining of a workpiece^ or to 
make available to the robot a recognition aid for the contour or 
the geometry of a workpiece. Generally^ the electromagnetic 
radiation is laser light which passes through the conversion unit 
into the stipulated three-dimensional area located^ for example^ 
or. the workpiece such that on the workpiece for the robot, 
recognizable groups of lines are copied in the form of a planar 
orthogonal grid. Using these groups of lines^ made for example 
as gridSj_ the robot is enabled to machine the workpiece at given 
po in t s . 

[0003] Conversion units in the [prior art] o a s t are 

dif tractive elements such as holograms which can diffract parts 
of the laser light penetrating the conversion unitj_ such that in 
the given three-dimensional area^_ for example^, on the workpiece, 
1 inesj, : r for example^ grid-shaped groups of lines torn.. One 
defect^ in the past [embodiment! embodiment s of the conversion 
unit using diff ractive elements^ is that a substantial portion 
of the electromagnetic radiation is diffracted into undesirable 
orders so that generally far less than 50% of the electromagnetic 
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radiation incident on the conversion unit contributes to 
producing lir.es or :jr:ups of lines. Furthermore, when the 
■conversion ur. o is equipped with dif rractive elements^ it is 
d 1 s a d v ar.tageo j£ that o n 1 y v e r y s ma 11 widening angles can b e 
a ::nie ve-:ij_ s<: that only in a relatively small range of solid 
angles rehire the conversion umt^ can lines or groups of lines 
be produced . 

[0004] The object of this in v e n t i o n i s t o d evise a d e v 1 c e o f 

tne initially mentioned type which is made to be more efficient. 



SUMMARY OF THE INVENTION 

[0005] This is achieved as [claimed] depicted in the 

invention^ in that the conversion unit [comprises] includes at 
least one refractive element [, by]^ By; refraction of the 
r^diaticn passing through tne conversion unitj_ on at least one 
optically functional interface of the refractive elements at 
least one line or group of lines is formed in tne given three- 
dimensional area. When usir.a a refractive element, much hioher 
efficiencies of almost 100* can be achieved. Furthermore, 
refractive elements make it possible to [much more] dramatically 
broaden the electromagnetic radiation incident on the conversion 
unitj_ so that the desired lmeSj_ or groups of lines^ can be 
formed in an essentially larger range of solid angles behind the 
c onve r s i on un i t . 

[0006] To do this, the optically functional interface of at 

least one retractive element oan have a freely selectable 
to n f igur a t i : n which is suitable for the lines^. or line groups^, 
to be pr:du:od. It iSj_ for example^ possible to d: vide the 
optically functional interface c f at least one refractive element 
into segments. In this case^_ the segments can have the same size 
ana can be shaped to be identical. 

[0007] According to one preferred embodiment of this 

invention^ the individual segments can have a cylinder lens 
geometry, there being^ preferably^ two- groups of segments with 
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cylinder axes of cylindrical geometry perpendicular to one 
another. The cylinder lens geometry of the individual segments 
car. be a sr: her: cal^_ or an aspher L cal^_ cylinder lens geometry. 
Especially in trie choice of these cylinder lens geomec r i es^ is 
it possible to- widen the elec t ronagne o ic radiation passing 
through the conversion unit behind the latter into a solid angle 
of up tOj_ or even more than^_ ISO . For example, groups of 
crossed lines can be formed^ by the arrangement of individual 
segments of cue optically functional interface^ as cylinder lens 
segments with 'Cylinder axes perpendicular to one another and can 
form a grid-like structure, as for example^ a planar orthogonal 
grid with a correspondingly array-like arrangement of the 
ref rac t i ve elements . 

[0008] It :s possible^ as [claimed] depicted in the invention^ 

for the produced lines to be straight or even curved lines. 
Furthermore^, it is possible for the generated groups of lines to 
be crosses, triangles, polygons or grids, and the lines which 
form the Individual groups of lines can be at a rights or [an] 
a t a n on- right angle to one another. 

[0009] According to one preferred embodiment of this 

invention, the generated lines or groups of lines are curved such 
that upon incidence on a curved surface of a workpiece in a given 
three-dimensional area on this workpiece^ they form a planar 
structure, especially a planar, orthogonal grating. It iSj_ for 
example^ 'Conceivable that [a] in machining robot machines^ the 
workpiece [or for example] removes material from one workpiece 
with the aid of the aforementioned inherently curved grid 
structure until the sensors of the robot detect that the line 
structure which is incident on the machined curved surface of the 
workpiece forms a planar orthogonal grid. The conversion unic^ 
encompassed by the device as [ ci allied] depicted on trie invention^ 
■ :hui] causes distortion «:: f the traversing electromagnetic 
radiation wnich is dist creed by a correspondingly curved 
workpiece such that a clearly detectable structure like a planar 
orthogonal grid is formed. 
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[0010] It is possible for the device to [comprise] in:lude a 

sour re for producing electromagnetic: radiation, especially a 
laser light source. The devi:o together with the Laser light 
source can be used either as a separate unit or can^_ for example^ 
be installed in a corresponding robot for machining of 

[0011] It is also possible to use one such -device for process 

monitoring^ for example^ to monitor a welding process, here 
especially^ an application in conjunction with CMOS cameras 
[seeming to be] is suitable, because these CMOS cameras have much 
higher dynamics so- that among others both the welding point and 
also- its vicinity can be better recognized, so that^_ for example^ 
the lineSj_ or groups of lines^ imaged on the workpiece to be 
weided can be cotter recognized by the welding uniLj. or the 
process monitoring unit. Other possible applications of a device 
as [claimed] depi c ted in the inventi on are in the area of surface 
analysis or three-dimensional assignment, especially tracking of 
a system. 

Brief Description of the Figures 

[0012] Other advantages and features of this invention become 

clear from the following description of preferred embodiments 
with reference to the attached Figures [ . ] j_ 

[0013] Figure 1 shows a perspective view of a conversion unit 

as claimed in the invention; and 

[0014] Figure 2 shows a plan view of four groups of lines of 

electromagnetic radiation which can be produced using the 
conversion unit as shown in Figure 1 m a predefinable three- 
dimensional area . 

Detailed Description of the Invention 

[0015] First, reference is made t :> Figure i. The sample 

embodiment of a conversion unit 1 as [ cl aimed; dep icte d in one 
invention^ as snown in Figure is composed of four identical 
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refractive elements 1. In the embodiment shown^ the refractive 
elements 2 are each of the same size and each have a planar 
quadratic entry surface for the electrcmagnet:: radiation, the 
four entry surfaces heing located bordering one another such that 
the four quadratic planar entry surfaces of the refractive 
elements f-.»rm a continuous square. 

[0016] one : j; t Lea I 1 y functional interface }j_ which is used as 

the exit sur.fa::^ for the elect rcmagnetoc radiat ion^ made for 
example as a laser bean is opposite the planar entry surface of 
each of the refractive elements 1. In the embodiment shown^_ the 
optically functional interfaces 3 are each divided into four 
segments 4;, in]^ Zn_ the embodiment shown^ the segments being 
chosen such that the refractive element 2 represents a regular 
four-sided pyramid with curved side surfaces. The curvature of 
the segments 1 of the optically functional interface 3 is chosen 
in the embodiment shown such that the segments 4 opposite one 
another are sections of the same cylinder jacket. Here the 
cylinder axes of adjacent segments 4 .are perpendicular to one; 
another at the same time. Each of the refractive elements 2 thus 
[comprises] i nc hide , in t.he embodiment. shown^ an optically 
functional Interface 3 which is composed of four segments 4 which 
are used as cylinder lenses. These segments 4 which are used as 
cylinder lenses touch one another at the up of the 
■aforementioned regular polygonal pyramid with curved side 
surfaces . 

[0017] With com respc ndmg transparency of the conversion uni:^ 

shown in Figure lj_ to the electromagnetic radiation incident on 
the conversion unit 1, in the three-dimensional area which is 
located preferably at the distance of the focal length of the 
cylinder lens- like segment 4 from the conversion un i t j_ there is 
an arrangement of groups 5 of lines which is apparent from Figure 
1. Each of the groups 5 of lines [ romr rises ] include owe lines 
6, 7 which cross one another at an angle of cO . Each of one 
lines 6 and 7 represents a combined focal line of two segments 
4 of an optically functional interface 3 of one of the refractive 
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•elements 2, the two segments 4 being opposite one another. The 
vertical position of trie cylinder axes of adjacent segments 4 of 
refractive elements 0 yields the cross shape of each of the 
.■(roups 5 of lines. In particular^ the right angle retween the 
lines n and 7 follows from the cylinder axes of adjacent segments 
4 being perpendicular to one another. 

[0018] If the cylinder axes of adjacent segments are not 

perpendicular to one another, there is a group- of lines in whicr. 
one individual lines cross at an angle which is not equal to a 
right angle. It is possible as [claimed] oiepi cted in the 
invention to choose different geometries of the individual 
segments. For example, aspherical cylinder geometries can be 
used, or even largely free-form surface geometries. It is also 
possible to divide the optically functional interfaces into more 
or less than four segments. 

[0019] In this way, not only crossed groups of lines which 

according to Figure 2 overall yield a grid, but also lines which 
yield a triangle or lines which yield a poly-gon and which are 
tnen combined with the corresponding other groups of lines into 
patterns can be produced. It is also possible to execute the 
individual lines as curved lines, depending on the geometrical 
configuration of the individual segments or the individual 
optically functional interfaces of the conversion unit. 
[0020] Furthermore, it is possible to produce for example 

::rid-shaped groups of lines which tnen become apparent only as 
en orthogonal -grid structure when the laser radiation passing 
through the conversion unit m the given three-dimensional area 
:s incident on a curved surface of a workpiece', for example] . 
One such structure which appears as an orthogonal grid structure 
m projection onto a curved surface could he usei^_ for example^ 
within the framework of machining processes on the aforementioned 
workpie ce . In particular, a robot which shares a workpiece could 
remove material in a controlled manner on the workpiece until the 
light passing through from, the conversion unit to the workpiece 
yields an orthogonal planar grid. [Exactly in] In this case^ 
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[does] the workplace [have] has the desired curved surface on 
which the projected groups of lines yield an orthogonal planar 
grid. 

[0021] It is furthermore possible for the device for producing 

lines or groups of lines to be integrated into a robot which 
machines workpieces so that both a laser light source and also 
a corresponding conversion unit are encompassed by the robot. 
Alternatively, there can be a separate device for producing lines 
or groups of lines which [comprises] includes a laser light 
source and a conversion unit and accordingly must be arranged at 
a given interval to the workpiece which is to be machined by the 
robot . 



